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Powerful tool for capturing deviations from the SM and 
performing indirect searches for new physics. 

Model independent: assume the BSM physics is heavy 

The Standard Model Effective Field Theory

We restrict to dimension-6 operators.
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Warsaw basis 
[1008.4884 
Grzadkowski et. al]

The Standard Model Effective Field Theory
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A global fit to the SMEFT

Each operator contributes to multiple datasets 
‣ expect an interplay between sectors 
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A global fit to the SMEFT
This highlights the need for a global fit to understand and parameterise the 

deviations and correlations between operators and sectors. 

We include data from top, diboson, Higgs and EWPO in a fit to 34 dim-6 operators. 
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SMEFT conventions

<latexit sha1_base64="QV0BAuqD7U6TIoDhZOgdx0oIhtM="></latexit>

LSMEFT = LSM +
X

i

Ci

⇤2
Oi

• Warsaw basis 
• Neglect CP-violating operators 
• Two flavour scenarios: 

- Flavour universal 
- Top-specific flavour scenario singles out top couplings  [1802.07237]   

In both flavour scenarios we also include 4 Yukawa operators which 
explicitly break these flavour symmetries:
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Measurements
• 341 statistically independent measurements 

• Correlation information included from published covariance matrices

Higgs: 72
• Signal strength combinations 

(LHC Run 1 and Run 2) 
• STXS combination (LHC Run 2) 
• Measurements of
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Higgs STXS data from LHC Run 2 ATLAS

the same selection as in the qq → Hqq process; the
remaining ≥ 2 jet events are separated into three bins of
pH
T in the same way as the 1-jet events; in the qq → Hqq

process, the VBF topo+Rest region is split into separate bins

for VBF topo and Rest; and in the qq → WH process, the
pV
T < 250 GeV region is split into two bins for pV

T <
150 GeV and 150 ≤ pV

T < 250 GeV, matching the binning
used in pp → ZH. The results are shown in Figs. 20 and 21.
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FIG. 21. Correlation matrix for the measured values of the simplified template cross sections in each measurement region times the
H → ZZ! branching fraction in a model with finer granularity.
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and photons and to the branching fraction of the Higgs
boson into invisible and undetected decay modes. A variety
of physics-motivated constraints on the Higgs boson total
width are explored: Using searches for H → invisible and
constraints on couplings to vector bosons, the branching
fraction of invisible Higgs boson decays into BSM particles
is constrained to be less than 30% at 95% CL, while the
branching fraction of decays into undetected particles is
less than 22% at 95% CL. The overall branching fraction of
the Higgs boson into BSM decays is determined to be less
than 47% at 95% CL using measurements of off-shell
Higgs boson production in combination with measure-
ments of SM Higgs boson production and rates. No
significant deviation from the SM predictions is observed
in any of the benchmark models studied.
Finally, the results are interpreted in the context of

two-Higgs-doublet models and the hMSSM. Constraints
are set in the ðmA; tan βÞ plane of the hMSSM and the
ðcosðβ − αÞ; tan βÞ plane in 2HDM Type-I, Type-II, lepton-
specific and flipped models.
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APPENDIX: SIMPLIFIED TEMPLATE CROSS
SECTION MEASUREMENT RESULTS WITH

FINER GRANULARITY

This section presents measurements of STXS parameters
in a model that has finer granularity than the model of
Sec. VI B, and is thus closer to the original proposal of
Stage 1 STXS in Refs. [35,36]. The changes relative to the
model of Sec. VI B are as follows: in the gg → H process,
the region defined by pH

T ≥ 200 GeV and ≥ 1 jets is split
into separate bins for 1 jet and ≥ 2 jets; a VBF-topology
(VBF topo) region is defined for events with ≥2 jets using

Total Stat.
Syst. SM
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FIG. 20. Best-fit values and uncertainties for the cross sections
in each measurement region times the H → ZZ# branching
fraction in a model with finer granularity. The results are shown
normalized to the SM predictions for the various parameters. The
black error bar shows the total uncertainty in each measurement.

G. AAD et al. PHYS. REV. D 101, 012002 (2020)

012002-28

 ATLAS Run 2 STXS combination  [HIGG-2018-57, Phys. Rev. D 101 (2020) 012002] 

 A total of 21 STXS bins with published correlation matrix
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Top: 137

Measurements
• 341 statistically independent measurements 

• Correlation information included from published covariance matrices

Higgs: 72

Diboson: 118

EWPO: 14

• Signal strength combinations 
(LHC Run 1 and Run 2) 

• STXS combination (LHC Run 2) 
• Measurements of

• LHC and LEP measurements of

LEP, Tevatron, LHC measurements

LHC measurements of

10
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:   vector of observables with covariance matrix

Predictions:

Best-fit WC:

Covariance:

i.e. restricting to in the EFT expansion

(Fisher information)

Fitting methodology

11
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Fit to Higgs, diboson, electroweak data in the flavour universal scenario:

12
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STXS measurements for ggF 

STXS measurements of gluon gluon fusion improve sensitivity and 

break degeneracy between SMEFT operators: 
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Studying the interplay of Higgs and top data 

in constraining the operators

while marginalising over

Top-Higgs interplay

15
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Principal 

Component  

Analysis 
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UV models             
We analyse our fit in terms of a set of BSM benchmark models  

from 2009.01249 Marzocca et. al, 1711.10391 de Blas et. al

Name Spin SU(3) SU(2) U(1) Name Spin SU(3) SU(2) U(1)

S 0 1 1 0 �1
1
2 1 2 �

1
2

S1 0 1 1 1 �3
1
2 1 2 �

1
2

' 0 1 2 1
2 ⌃ 1

2 1 3 0
⌅ 0 1 3 0 ⌃1

1
2 1 3 -1

⌅1 0 1 3 1 U
1
2 3 1 2

3

B 1 1 1 0 D
1
2 3 1 �

1
3

B1 1 1 1 1 Q1
1
2 3 2 1

6

W 1 1 3 0 Q5
1
2 3 2 �

5
6

W1 1 1 3 1 Q7
1
2 3 2 7

6

N
1
2 1 1 0 T1

1
2 3 3 �

1
3

E
1
2 1 1 -1 T2

1
2 3 3 2

3

T
1
2 3 1 2

3 TB
1
2 3 2 1

6

Table 3. Single-field extensions of the SM constrained by our analysis.

M and Higgs couplings proportional to gH . We exhibit in Tables 4 and 5 the contributions
made by exchanges of each of these fields to the SMEFT coefficients. The numbers shown
in the Tables should each be multiplied by the appropriate squared coupling factors and
divided by the square of the mass scale M .

We show in Fig. 14 the results from our global fit for all of the one-parameter single-
field extensions of the SM. In each of these models we constrain a positive quantity: |�|

2.
The constraints in Fig. 14 are found using the numerical MCMC fitter described in Ap-
pendix B. This method allows us to incorporate the constraint |�|

2
> 0 as a Heaviside

prior ⇡(|�|
2

< 0) = 0. The 2-� constraints on the mass scales in TeV units, assuming that
the corresponding couplings are set to unity, are shown as horizontal bars 15. We note
that most of these limits exceed 1 TeV for unit coupling and do not depend on kinematic
distributions probing this region, in which case the SMEFT approach is self-consistent.
The SU(2)-singlet VLQ top-partner model (T ) and S are the most poorly constrained,
with mS,T >900, 770 GeV. We also show in grey boxes the corresponding bounds on the
squared couplings, assuming a mass scale of 1 TeV. Most of the bounds are < 1, justifying
a tree-level treatment. We also list all the pulls that exceed 1-�, which is significant.

We can compare the mass limits for these models with the naive scale limits shown in
Fig. 6. In a model-independent SMEFT analysis, one allows all the EFT operators to vary
simultaneously. On the other hand, in specific models not all EFT coefficients are generated
and those that do appear are related to each other in such a way that the number of free
parameters of the model is matched to the number of independent EFT operators generated
by the model. As an example, we discuss the following set of single-parameter models:

⌃, ⌃1, N and E ,
15In the case of the T (vector-like quark) model, the mass limit has been obtained using the relation

stL ' �v/
p
2MT and setting � = 1 [129].

– 40 –
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UV models: patterns             

Some models exhibit similar patterns among operators  

• Consider models with couplings to leptons: 
• These will generate  

         with patterns such as                        and 

  

<latexit sha1_base64="Db4hHDGs3odwvcq0+bo+2ChtKHE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZEXVZ7KbLCrYW2mHIpJk2NJOEJCOUcRb+ihsXirj1N9z5N6btLLT1QODknHu5955IMqqN5307pZXVtfWN8mZla3tnd8/dP+hokSpM2lgwoboR0oRRTtqGGka6UhGURIzcR+PG1L9/IEpTwe/MRJIgQUNOY4qRsVLoHjXCjLEc9qUS0ghov02Sw9CtejVvBrhM/IJUQYFW6H71BwKnCeEGM6R1z/ekCTKkDMWM5JV+qolEeIyGpGcpRwnRQTbbP4enVhnAWCj7uIEz9XdHhhKtJ0lkKxNkRnrRm4r/eb3UxNdBRrlMDeF4PihOGbSHTsOAA6oINmxiCcKK2l0hHiGFsLGRVWwI/uLJy6RzXvMva97tRbV+U8RRBsfgBJwBH1yBOmiCFmgDDB7BM3gFb86T8+K8Ox/z0pJT9ByCP3A+fwBRUpWl</latexit>

Cll / CHe

We analyse our fit in terms of a set of BSM benchmark models  

from 2009.01249 Marzocca et. al, 1711.10391 de Blas et. al
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UV models: patterns

See 2012.02779 for quark-specific, top-specific and boson-specific cases 
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Conclusions

Thank you for listening!

20

‣ Global fit produced using Fitmaker:  

a publicly available python code 
https://gitlab.com/kenmimasu/fitrepo  
(Version for public use still to come!) 

‣ an adaptable, flexible and extensible framework 
for performing global SMEFT fits.

https://gitlab.com/kenmimasu/fitrepo
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A Datasets

The following Tables summarise the observables that have been encoded into the Fitmaker
database. Those that are not included in the final fit are greyed out. This is usually because
they are not statistically independent from other data that we include.

EW precision observables nobs Ref.
Precision electroweak measurements on the Z resonance.
�Z , �

0
had., R

0
`
, A

`

FB
, A`(SLD), A`(Pt), R

0
b
, R

0
c

A
b

FB
, A

c

FB
, Ab & Ac

12 [1]

Combination of CDF and D0 W -Boson Mass Measurements 1 [6]
LHC run 1 W boson mass measurement by ATLAS 1 [57]

Diboson LEP & LHC nobs Ref.
W

+
W

� angular distribution measurements at LEP II. 8 [5]
W

+
W

� total cross section measurements at L3 in the `⌫`⌫, `⌫qq & qqqq

final states for 8 energies
24 [3]

W
+

W
� total cross section measurements at OPAL in the `⌫`⌫, `⌫qq &

qqqq final states for 7 energies
21 [4]

W
+

W
� total cross section measurements at ALEPH in the `⌫`⌫, `⌫qq

& qqqq final states for 8 energies
21 [2]

ATLAS W
+

W
� differential cross section in the e⌫µ⌫ channel, d�

dp
T

`1

,
pT > 120 GeV overflow bin

1
[214]

ATLAS W
+

W
� fiducial differential cross section in the e⌫µ⌫ channel,

d�

dp
T

`1

14 [58]

ATLAS Zjj fiducial differential cross section in the `
+
`
� channel, d�

d�'jj

12 [60]

LHC Run 1 Higgs nobs Ref.
ATLAS and CMS LHC Run 1 combination of Higgs signal strengths.
Production: ggF , V BF , ZH, WH & ttH

Decay: ��, ZZ, W
+
W

�, ⌧
+
⌧

� & bb̄

21 [8]

ATLAS inclusive Z� signal strength measurement 1 [9]

LHC Run 2 Higgs (new) nobs Ref.
ATLAS combination of signal strengths and stage 1.0 STXS in H ! 4`

including ratios of branching fractions to ��, WW
⇤, ⌧

+
⌧

� & bb̄

Signal strengths|coarse STXS bins| fine STXS bins

16|19|25 [10]

CMS LHC combination of Higgs signal strengths.
Production: ggF , V BF , ZH, WH & ttH

Decay: ��, ZZ, W
+
W

�, ⌧
+
⌧

�, bb̄ & µ
+
µ

�

23 [11]

CMS stage 1.0 STXS measurements for H ! ��.
13 parameter fit | 7 parameter fit

13|7 [12]

CMS stage 1.0 STXS measurements for H ! ⌧
+
⌧

� 9 [13]
CMS stage 1.1 STXS measurements for H ! 4` 19 [14]
CMS differential cross section measurements of inclusive Higgs produc-
tion in the WW

⇤
! `⌫`⌫ final state.

d�

dnjet

�� d�

dp
T

H

5|6 [15]

ATLAS H ! Z� signal strength. 1 [16]
ATLAS H ! µ

+
µ

� signal strength. 1 [17]
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A Datasets

The following Tables summarise the observables that have been encoded into the Fitmaker
database. Those that are not included in the final fit are greyed out. This is usually because
they are not statistically independent from other data that we include.

EW precision observables nobs Ref.
Precision electroweak measurements on the Z resonance.
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qqqq final states for 7 energies
21 [4]
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� total cross section measurements at ALEPH in the `⌫`⌫, `⌫qq

& qqqq final states for 8 energies
21 [2]

ATLAS W
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W
� differential cross section in the e⌫µ⌫ channel, d�

dp
T

`1

,
pT > 120 GeV overflow bin

1
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ATLAS W
+

W
� fiducial differential cross section in the e⌫µ⌫ channel,

d�

dp
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`1

14 [58]

ATLAS Zjj fiducial differential cross section in the `
+
`
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d�'jj

12 [60]

LHC Run 1 Higgs nobs Ref.
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+
W
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+
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21 [8]

ATLAS inclusive Z� signal strength measurement 1 [9]
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including ratios of branching fractions to ��, WW
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CMS LHC combination of Higgs signal strengths.
Production: ggF , V BF , ZH, WH & ttH

Decay: ��, ZZ, W
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+
⌧

�, bb̄ & µ
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µ

�

23 [11]

CMS stage 1.0 STXS measurements for H ! ��.
13 parameter fit | 7 parameter fit

13|7 [12]

CMS stage 1.0 STXS measurements for H ! ⌧
+
⌧
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CMS differential cross section measurements of inclusive Higgs produc-
tion in the WW

⇤
! `⌫`⌫ final state.

d�

dnjet
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T
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ATLAS H ! µ

+
µ

� signal strength. 1 [17]

– 55 –

Datasets: Higgs



Maeve Madigan, HEFT 14/04/21

A Datasets

The following Tables summarise the observables that have been encoded into the Fitmaker
database. Those that are not included in the final fit are greyed out. This is usually because
they are not statistically independent from other data that we include.
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�
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+
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� 9 [13]
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The following Tables summarise the observables that have been encoded into the Fitmaker
database. Those that are not included in the final fit are greyed out. This is usually because
they are not statistically independent from other data that we include.

EW precision observables nobs Ref.
Precision electroweak measurements on the Z resonance.
�Z , �

0
had., R

0
`
, A

`

FB
, A`(SLD), A`(Pt), R

0
b
, R

0
c

A
b

FB
, A

c

FB
, Ab & Ac

12 [1]

Combination of CDF and D0 W -Boson Mass Measurements 1 [6]
LHC run 1 W boson mass measurement by ATLAS 1 [65]

Diboson LEP & LHC nobs Ref.
W

+
W

� angular distribution measurements at LEP II. 8 [5]
W

+
W

� total cross section measurements at L3 in the `⌫`⌫, `⌫qq & qqqq

final states for 8 energies
24 [3]

W
+

W
� total cross section measurements at OPAL in the `⌫`⌫, `⌫qq &

qqqq final states for 7 energies
21 [4]

W
+

W
� total cross section measurements at ALEPH in the `⌫`⌫, `⌫qq

& qqqq final states for 8 energies
21 [2]

ATLAS W
+

W
� differential cross section in the e⌫µ⌫ channel, d�

dp
T

`1

,
pT > 120 GeV overflow bin

1 [66]

ATLAS W
+

W
� fiducial differential cross section in the e⌫µ⌫ channel,

d�

dp
T

`1

14 [70]

ATLAS W
±

Z fiducial differential cross section in the `
+
`
�

`
±

⌫ channel,
d�

dp
T

Z

7 [69]

CMS W
±

Z normalised fiducial differential cross section in the `
+
`
�

`
±

⌫

channel, 1
�

d�

dp
T

Z

11 [67]

ATLAS Zjj fiducial differential cross section in the `
+
`
� channel, d�

d�'jj

12 [71]

LHC Run 1 Higgs nobs Ref.
ATLAS and CMS LHC Run 1 combination of Higgs signal strengths.
Production: ggF , V BF , ZH, WH & ttH

Decay: ��, ZZ, W
+
W

�, ⌧
+
⌧

� & bb̄

21 [9]

ATLAS inclusive Z� signal strength measurement 1 [8]

– 59 –



Maeve Madigan, HEFT 14/04/21

Datasets: top
Tevatron & Run 1 top nobs Ref.
Tevatron combination of differential tt forward-backward asymmetry,
AFB(mtt̄).

4 [7]

ATLAS tt̄ differential distributions in the dilepton channel.
d�

dmtt̄

6 [18]

ATLAS tt̄ differential distributions in the `+jets channel.
d�

dmtt̄

�� d�

d|ytt̄|
�� d�

dp
T

t

�� d�

d|yt| .
7|5|8|5 [19]

CMS tt̄ differential distributions in the `+jets channel.
d�

dmtt̄

�� d�

dytt̄

�� d�

dp
T

t

�� d�

dyt

.
7|10|8 |10 [20,

215]
CMS measurement of differential tt charge asymmetry, AC(mtt̄) in the
dilepton channel.

3
[216]

ATLAS inclusive measurement tt charge asymmetry, AC(mtt̄) in the
dilepton channel.

1
[217]

ATLAS & CMS combination of differential tt charge asymmetry,
AC(mtt̄), in the `+jets channel.

6 [21]

CMS tt̄ double differential distributions in the dilepton channel.
d�

dmtt̄dyt

�� d�

dmtt̄dytt̄

�� d�

dmtt̄dp
T

tt̄

�� d�

dytdp
T

t

.
16|16
|16|16

[22,
218]

ATLAS & CMS Run 1 combination of W -boson helicity fractions in top
decay. f0, fL & fR

3 [23]

ATLAS measurement of W -boson helicity fractions in top decay.
f0, fL & fR

3 [24]

CMS measurement of W -boson helicity fractions in top decay.
f0, fL & fR

3 [25]

ATLAS tt̄W & tt̄Z cross section measurements. �tt̄W |�tt̄Z 2 [26]
CMS tt̄W & tt̄Z cross section measurements. �tt̄W |�tt̄Z 2 [27]
ATLAS t-channel single-top differential distributions.
d�

dp
T

t

�� d�

dp
T

t̄

�� d�

d|yt|
�� d�

d|yt̄

|

4|4|4|5 [28]

CMS s-channel single-top cross section measurement. 1 [29]
CMS t-channel single-top differential distributions.

d�

dp
T

t+t̄

�� d�

d|yt+t̄|

6 |6 [30]

CMS measurement of the t-channel single-top and anti-top cross sections.
�t | �t̄ | �t+t̄ | Rt.

1|1|1|1 [31]

ATLAS s-channel single-top cross section measurement. 1 [32]
CMS tW cross section measurement. 1 [33]
ATLAS tW cross section measurement in the single lepton channel. 1 [34]
ATLAS tW cross section measurement in the dilepton channel. 1 [35]
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